In this study, the manufacturing trade efficiency of Turkey with the European is examined by applying stochastic frontier gravity model over the period of 2006-2016. In addition, this study is analyzed whether there is a convergence in efficiency of manufacturing trade between Turkey and the EU-25. Findings show that Turkey's average trade efficiency score is 56,3% and it ranged from 0,01% to 92,5% for all countries. Manufacturing trade flow of Turkey is significantly affected by income, market size of the trading partner and the distance between them. The findings also suggest that trade flows are affected by the global financial crisis.
INTRODUCTION
Efficiency is basically described as the rate of the actual output to the potential output.
Since the potential output is an unobservable magnitude, it should be estimated by quantitive techniques (Zhang et al., 2013: 654-655) . In this context, the potential trade, and the factors through which this potential can be increased are addressed within the framework of trade efficiency.
Deterministic and stochastic approaches are widely used in the estimation of efficiency.
Factors such as bad weather, any measurement or recording error are regarded as inefficiency in the deterministic approach, whereas in the stochastic approach, these random factors which are independent of the economic units, are decomposed from inefficiency (Kalirajan and Shand, 1999) . In this context, the distinguishing feature of this study is the use of a stochasticfrontier analysis for the measurement of potential trade. In addition, it is also questioned whether Turkey is able to converge to the potential level of foreign trade. The basic aim of this study is to estimate the efficiency of trade. For this purpose, Turkey's bilateral manufacturing trade with the EU-25 has been analyzed by using two main methods in the literature. These are, firstly, the stochastic frontier analysis (SFA) technique that estimates efficiency and secondly the gravity model that analyzes bilateral trade by using factors such as distance, Gross Domestic Product (GDP), common border, common economic integration etc. The remainder of this paper is organized as follows. The next section clarifies theoretical and conceptual framework that contains the gravity model, efficiency concept and the linkage between them. The third section reviews the literature. The fourth section focuses on the model and the data set. Fift section handles and reports empirical findings. Finally, last section reveals concluding remarks and policy implications.
THE STOCHASTIC FRONTIER GRAVITY MODEL: THEORETICAL

FRAMEWORK
The pioneer economists that have implemented the gravity model to study international trade flows were Tinbergen (1962) and Pöyhönen (1963) . In recent years, the gravity model has become popular in quantitive trade analysis. The model has been applied to flows of various types like migration, foreign direct investments and especially to international trade flows.
Using gravity models, exports between countries are explained by their economic sizes (Gross National Products (GNP) or Gross Domestic Products (GDP)), populations, distances, and variety of dummies associating many form of institutional options common to specific flows (Zarzoso, 2003: 176) . Anderson (1979) was the first to develop a strong theoretical basis of the gravity model.
In his model, products are diversified by their place of origin, also called the Armington assumption. Armington (1969) allocates goods not only by their type (e.g. chemicals, electronics, textile product etc.) but also by their place of production (Starck,2012: 7) .
Anderson's gravity equation can be represented as:
where Mijk is the flow of goods or factors k from region or country i to region or country j, Yj and Yi are incomes in j and i; Nj and Ni are populations in j and i, and dij is the distances between regions (countries) i and j. The Uijk is a lognormally distributed error term (Anderson, 1979: 106 Based on the methodology of Kalirajan (2008), stochastic frontier technique for the prediction of the gravity models has been used. Additionally, the study questions whether there is a convergence to the potential trade with Turkey's partners. The main hypothesis of the study is ; "there is a gap between Turkey's actual and potential trade volumes and this gap is decreasing per annum". Based on this, by estimating the efficiency of Turkey's manufacturing trade, making a comparison between the EU-25 countries, the paper aims to contribute to policy formation for the improvement of the trade efficiency.
According to Kalirajan (2008) ; following a stochastic frontier technique, the gravity equation can be inscribed as (Demir et. al, 2017: 3):
where; Xij refers to the export of the country i to country j and Zi's refers to the factors of potential trade. The error term is dissociated into two pieces ( − ) .The piece is the random error term, which makes the frontier stochastic; where the piece refers to inefficiency.
"Maximum likelihood" method is generally the predictor of stochastic frontier gravity models. When expressed with logarithmic terms, the rate of the real trade volume to potential trade volume gives the efficiency level (exp (-ui));
(exp (-ui)) is a value between 1 and 0. If the value is equal to 0, there is no inefficiency, so this means that the observed trade volume is equal to potential trade volume. If this value is greater than 0 but is less than or equal to 1, this indicates the presence of inefficiency (0< (exp (-ui)) ≤ 1) (Demir et. al , 2017: 3) .
LITERATURE, EMPIRICAL MODEL AND THE DATA
Here in this part, the papers searching the trade efficiency within the framework of gravity model have been introduced by using stochastic frontier technique in a chronological order. This study is distinct from others in the literature on the ground that it is the first one or diversion effects of tariffs and custom unions. It concludes that the custom union has generated more than twice as much trade creation as trade diversion. Togan (2004) finds that accessing the EU will increase trade potential. Akbostancı et al. (2016) reveal that custom unions do not affect Turkey's exports. Aysan and Hacıhasanoglu (2007) indicate that the main factor behind the Turkish export growth after 2000 is productivity. Frede and Yetkiner (2017) find that custom union has a positive effect on Turkish imports but negative on exports. Akan and Balin (2016) Bilici et. al. (2008) and Lejour and Mooij (2005) are the other studies that investigate the effect of custom union agreement on EU-Turkey trade with panel gravity regression techniques. All these studies indicate that market size, productivity and trade diversion effects of tariffs are factors that influence EU-Turkey trade. In our study we also find the same viewpoint; gross domestic product as a productivity, population as a market size and trade freedom index as tariffs are all statistically significant.
Folowing Greene (2013) is naturally zero percent, and the upper limit was set as 50 percent. An NTB (Non-Tariff Barriers) penalty is then subtracted from the base score. CONTIGUITY is the dummy variable shows that the two countries have border.
YEAR is year fixed effects in the regression to use year dummy control time specific effects separately and prevent misleading results. The descriptive statistics of the variables presented in this paper are given in Table 1 .
EMPIRICAL FINDINGS
This stage of the study consists of two parts. Firstly, maximum likelihood based regression estimates of stochastic frontier are introduced. Secondly, country specific trade efficiency scores are acquired by using Jondrow-Lowell et. al. (1982) formula.
Estimation Results of the Stochastic Frontier Gravity Model
The maximum likelihood estimation results of the stochastic frontier gravity model and standart panel gravity model for 2006-2016 period are shown in Table 2 .
The Hausman Test is used to decide wheter fixed effects and random effects predictors are to be used in panel data models. For this reason, the Hausman Test has been applied to determine which of the fixed effects and random effects predictors should be used in the model (Tekin and Hancıoğlu, 2017:29) . One important feature of the panel data is that it allows to control unobservable variables and to take into account the heterogeneity. The data used in the study study, includes variables that do not change over time, such as distance, neighborhood, or common colonial. These variables are unique to specific entities within the panel and must be associated with other properties. The error terms are likely to correlate with these time-invariant variables, and therefore it is reasonable not to select fixed effects (Kumar and Ahmed, 2015:237).
The theoretical logic for the idea that bilateral trade depends on the GDPs comes from the works of Helpman and Krugman (1985) . The countries with the largest GDP's trade more. This is because exporting countries' higher levels of GDP imply more space for promoting exports based on their comparative advantages. In addition, for the importers higher income reflects more economic power for importing goods and services. GDP is anindicator for the size of the economy. The coefficients for the GDPs in the regression are therefore expected to have a positive effect in both exporting and importing countries (i.e. α1≥ 0 and α2≥ 0 to confirm that the bigger the economy, the higher the trade becomes) (Sumani,2015: 52) . Accordingly, we estimate a significant and positive coefficient for the GDP of Turkey and its partners.
The distance variable is significant and negative in accordance with the theory. The greater the distance between the two countries, the more transport costs tend to rise, and consequently reducing the volume of trade; hence, it is expected that α7<0 or the expected sign for the distance coefficient for trade is negative (Sumani, 2015: 53) .
The impact of population on trade can be either positive or negative in the literature. In our model we estimate a positive and significant coefficient for population. Yang and Martinez-Zarzoso (2013) states that a greater population in an importing country facilitate imported goods to compete better with domestic goods and balances exporters for the cost of sales activities abroad. This indicates economies of scale and supports the country to trade more with foreign partners in a larger set of goods (Sumani, 2015: 52) .
The classical goal of economic integration is to clear obstacles such as tariffs to trade.
This means openness to the flow of goods and services across geographical border with simplify (Sumani, 2015: 53) . In this study trade freedom indices have a significant and positive effect for exporters, while negative for importers. Random effects models indicates that trade freedom coefficient of importer countries is also negative and significant. Therefore it can be stated that tariffs may damage the import flow of goods.The common border coefficient was negative and statistically significant. Considering that only Turkey and Greece have a common border in the data set, it may be expected that the sign of this coefficient will be negative.The year dummy is significant and negative. Depending on the time span of data set, we think that global financial crisis that have an impact on Euro area affect the trade flow negatively.
Trade Efficiency Scores
Trade efficiency scores were acquired using the results of our Stochastic Frontier Gravity model. Estimated efficiency scores on Turkey's export and import for the years 2006-2016 are presented in Appendix 2. Jondrow-Lowell et. al. (1982) formula is used in the estimation of Country-specific efficiency scores. Jondrow-Lowell et. al. (1982) have proposed the following formula; 
CONCLUSION
Using a combination of efficiency and gravity concepts, this paper analyzes Turkey's manufacturing trade with the EU-25 countries. Following the introduction, the gravity model and the stochastic frontier analysis has been discussed. Estimation results are then presented This finding apparently reflects the necessity of policies towards the improvement of human capital to increase trade flows.
-Negative and significant year variable for the global financial crisis implies that Turkey's trade is affected negatively by the crisis. Therefore, monetary and fiscal policies to reduce internal fragility could help minimize the effects of negative externalities posed by the globalization related factors. As a result, macroeconomic stability is necessary for countries.
Finally, in today's world trade wars, trade diversion effects of tariffs and non-tariff barriers are inevitable. In order to reduce the trade deflector effect of these obstacles, it is necessary not to go beyond the rules set forth by the World Trade Organization.
The study have some limitations like data availability.. For further studies researchers may expand the analysis on the sub-sectors of manufacturing, by using sociological variables such as Turkish heritage population in these countries.
Appendix 1. Summary of the Studies on Stochastic Frontier Gravity Model of Trade
Author/Date Data Set Findings Kang and Frattianni (2006) 177 country Years: 1975 Years: ,1980 Years: , 1985 Years: ,1990 Years: ,1995 Years: ,1999 Significant increases in global trade flows can be achieved by relative low-efficiency countries converging to the performance of high-efficiency countries.
Kalirajan and Singh (2008) China and India's 74 partners Years: 2000 Years: -2013 By including the convergence theory to the analysis, they put forward the necessary policies to India to reach China's efficiency scores level.
Armstrong, Drysdale and
Kalirajan (2008) East and South Asian countries Years: Averages of 1993 -1995 , 1996 -1998 , 1999 -2001 , 2002 -2004 East Asia's trade efficiency lower than North America (2011) GCC(Gulf Cooperation Council) countries and their main trading partners, Years: 1980 Years: -2008 Council's trade enhancing effect is significant but potential trade is still high among the members.
Khan and Kalirajan (2011) Pakistan's trade partners. Years: 1999 and 2004 (separately).
Looking for trade costs impact on export. Results show that reduction of export because of trade costs.
Danquah, Barimah and
Ohemeng (2013) ECOWAS (Economic Community of West African States) Countries Years: 1970 Years: -2010 Regional associations increase efficiency scores.
Koh ( Waheed and Abbas (2015) Bahrain's 31 trading partners. Years: 1994 Years: -2013 Real exchange rates, GCC and free trade agreement with United States are factors to promote Bahrain's exports.
Miankhel (2015) Pakistan's total and sectoral trade with partners from all over the world. Years: 2006 Years: -2008 Years: and 2009 Years: -2011 Pakistan needs to develop its institutional capacity to promote competitive exports given the explicit and implicit beyond the border trade barriers it faces and work to remove political obstacles to regional trade Armstrong (2015) 65 countries, Years: 1990 Years: -2006 East Asian countries performance better than South Asian countries.
Atif, Haiyun and Mahmood
Pakistan's agricultural exports with 63 countries, Years: 1995 Years: -2014 Technical efficiency estimates reveal that Pakistan has great export potential with neighboring, Middle Eastern and European countries.
Nguyen and Kalirajan
India's environmental goods export with 11 partner countries, Years: 1996 Years: -2010 Environmental goods export was negatively affected by 'behind the border' constraints such as weak infrastructure and institutions Nasir and Kalirajan (2016) Group of Asian countries at the selected sectors level. Years: 2002 Years: -2008 High efficiency scores for East Asian countries.
Tamini, Chebbi and Abbasi (2016) North African countries national and 9 products level data. Years: 2001 Years: -2012 In agricultural and textile products efficiency scores are very low. The countries in the analysis have to improve their trade logistics at the national level to enhance trade efficiency and to implement trade facilitation reform programs.
Kalirajan and Liu (2016) 
